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Discussion
1. Introduction 

This contribution gives background information for the proposed WCDMA UE transmitter requirements for 16QAM [1]. 

2. Discussion 

2.1.  Minimum Power Level for EVM

At prior meetings, the issue of the minimum UE output power for EVM requirements was discussed. Our views can be summarized as follows:

· If the minimum UE output power is changed, the new limit should be applicable only to the new 16QAM modulation

· The new minimum UE power limit should be set to a level which occurs with not insignificant probability in practical scenarios
· If the minimum UE output power is lowered from the current -20dBm level (for EVM purposes) then an exception for carrier leakage should be made 

The above points will be discussed in some detail below.

2.1.1.  Observable Minimum UE Transmit Power
In the following, we carry out some simple approximation for the minimum UE transmit power. We’ll consider the 1%-ile level. Assume that the cell radius is 1km and the UE’s are equally distributed, then 1% of the UE’s are within a 100m radius from the NB. Two parameter sets (Case 1 and Case 2) are defined, as shown in Table below.  Case 1 is conservative, while Case 2 is worst case, i.e. leading to smallest minimum power.  
Table 2‑1  Parameter Assumptions for Estimating the Minimum UE Tx Power 
	Parameter
	Value (Case 1)
	Value (Case 2)
	Note

	(a) Thermal Noise
	-174dBm
	-174dBm
	

	(b) NB Noise Figure
	5dB
	5dB
	

	(c) Noise Power
	-103dBm
	-103dBm
	(a)+(b)+66dB

	(d) IoT
	7dB
	7dB
	

	(e) Pilot Ec/Io
	-27dB
	-27dB
	

	(f) DPCH T/P
	30dB
	20dB
	

	(g) Ior
	-93dBm
	-103dBm
	(c)+(d)+(e)+(f)

	(h) Path Loss @100m
	108.5dB
	78dB
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	(i) NB Antenna Gain
	5dB
	5dB
	

	UE Tx Power
	10.5dBm
	-30dBm
	(g)+(h)-(i)


Note that the NB antenna gain in Table 2-1, assumed no antenna downtilt. This is a reasonable assumption since we also didn’t assume shadowing and the path loss in Case 2 assumed line-of-sight propagation.  

We can conclude that the 1%-ile minimum UE Tx power will be no less than -30dBm.     

2.1.2.  Minimum UE Tx Power Capability

When the UE transmits the DPCCH only, then the minimum power that the UE is required to support is -50dBm (note that the -50dBm limit doesn’t specify any restriction on channel configuration).  When transmitting a 16QAM UL waveform, the minimum useful E-DPDCH T/P ratio will be about 20dB. Therefore, it is reasonable to expect that the UE will not reduce its power below -30dBm when transmitting a 16QAM waveform because otherwise it might not be able to fall back to the required low DPCCH power when the E-DPDCH transmission terminates.   Therefore, it doesn’t seem to be useful to set a minimum Tx power requirement below -30dBm for 16QAM.   
2.1.3.   Carrier Leakage

Since the carrier leakage generated by the baseband or RF modulator DC offset may not always scale with the transmit signal power gain, its presence creates EVM degradation at very low power levels.  We propose to accommodate for this by an EVM relaxation applicable only to UE Tx power levels below -20dBm. If the UE EVM minimum power reduction is not agreed to, then this relaxation will not be necessary.  

The proposed relaxation models a DC component removal in the base station receiver. It is not required that the base station receiver implements this; however, if it is known that UEs with very low Tx power would operate in the base station area, it would be reasonable to expect this NB capability.  Note that high UE Dopplers would make such DC filtering somewhat less effective, since the filter BW around DC would have to be widened. On the other hand, high Doppler scenarios should not be targeted for 16QAM EVM requirements in any case.  

We propose that at -20dBm UE Tx power and above, no relaxation is necessary for carrier leakage even for 16QAM.  

2.2.   Relative Code Domain Power Accuracy
The current 25.101 requirement only specifies code domain accuracy limits when the nominal code channel Ec/Ior is not lower than -20dB.  Since the E-DPDCH T/P can be as high as 30dB, the current requirement would not be complete.  A UE, which transmits the largest UL HOM packet format, could even stop transmitting the DPCCH and it would still pass the current 25.101 requirements.    
We propose adding the requirement of ±3.0dB code domain power (CDP) accuracy for nominal CDP ratios between -20dB and -35dB.  Note that the current CDP accuracy requirement is ±2.5 for CDP ratios between -15dB and -20dB.  For the new lower CDP range, it would make sense to widen the tolerance.  We chose an increase of 0.5dB; however, any required further increase could also be considered.   
2.3.  Peak Code Domain Error

The current requirement is applicable to any of the spreading factor 4 code channels. It is proposed that the requirement be changed corresponding to the difference in the target EVM values (i.e. 16QAM vs. QPSK).  Therefore, for 16QAM, the proposed requirement is –15dB – 10*log10( (EVM_QPSK/100)^2 – (EVM_16QAM/100)^2 ) = –18dB.     
Note that two SF4 code channels are occupied by the SF2 E-DPDCH code, one SF4 code channel is occupied by the SF4 E-DPDCH code and the remaining SF4 code is partially occupied by the E-DPCCH, which is used as phase reference.  All these codes channels require protection from code domain noise in order to achieve high throughput with 16QAM. 
2.4.  Relative Code Domain Error

The relative code domain error limits reflect both the code channel T/P ratio and the spreading factor.  Similar to the discussion in 2.2, we propose to change the requirement, so that the existence of a DPCCH at a -30dB T/P ratio does not preclude the applicability of the test requirement. We propose to lower the test limits to ECDP=-34dB and CDP=-34dB.  
For the two E-DPDCH codes, we have
· For SF2, EcIor =-2dB, 10*log10(SFk/256)=-21dB   ( ECDP=-23dB

· For SF4, EcIor =-5dB, 10*log10(SFk/256)=-18dB   ( ECDP=-23dB

In both cases, when using 16QAM, the E-DPDCH has ECDP=-23dB.

For EVM=12.5%, the self-noise term is 18dB below Ior.   With even noise distribution over all codes, we’d have

· For SF2, EcIor =-2dB,  ECDP=EVM-10*log10(SFk)-EcIor=-18-3+2=-19dB
· For SF4, EcIor =-5dB,  ECDP=EVM-10*log10(SFk)-EcIor=-18-6+5=-19dB
Adding a similar 2dB margin (as in the current requirement) for possibly uneven noise distribution across the code domain, we have a limit of -17dB, which is 1dB lower than the current limit. 
In the current requirement for QPSK, the breakpoint below which relative code domain error relaxation is applied is ECDP=-21dB.  We propose this to be changed to be equal to the E-DPDCH ECDP, which is -23dB (i.e. lowering the current -21dB breakpoint by 2dB). The rest of the relative code domain requirement table (Table 6.15B in [1]) then can be calculated to get consistent values. 
2.5.  EVM

We carried out simplified system simulations in order to estimate the impact on system throughput as a function of Tx EVM. .  

In the following, we summarize the simulation methodology used: 

1. With link level simulations, long term BLER statistics was obtained for each chosen MCS case; the used MCS formats were based are listed in the Annex

2. With system simulations, we collected per packet SNR distribution

3. The observed SNR was modified as 
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 was varied in the range [0%, 10%...15%, 17.5%].     

4. The average throughput was calculated for the 16QAM modulation format MCS’s 

The SNR distribution obtained in the system simulations is shown in Figure 1 below.  
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Figure 1  NB Received SNR Distribution
The resulting relative throughput loss curve is shown in Figure 2 below. 
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Figure 2  Troughput Loss Relative to 
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The throughput loss results are also summarized in Table 2-1 below.  

	Tx EVM (%)
	Rx EVM (%)
	Throughput Loss relative to Tx EVM =0% (%)

	0
	7
	0

	10
	
	2.5

	11
	
	3.2

	12
	
	4.1

	13
	
	5.0

	14
	
	6.1

	15
	
	7.2

	17.5
	
	11.0


Table 2‑1   Throughput Loss as a Function of Tx EVM
Based on the results obtained, a Tx EVM of 13% is required to limit the throughout loss to 5%.  

Even though there is no strong reason to keep the uplink and downlink EVM values in line, given the small difference between the 13% value derived here and the existing downlink EVM value of 12.5%, we’d prefer using the value already specified, i.e. EVM=12.5%.  
3. Conclusion

Simulations were carried out to evaluate the impact of Tx EVM on the WCDMA UL 16QAM throughput. The throughput was calculated based on averaging link level results according to a geometry statistics obtained with system simulations.  We recommend a Tx EVM of 12.5%, which corresponds to a throughput loss of 4.5%.  
If there is a consensus to lower the minimum UE Tx power for the EVM evaluation, we’d recommend the new minimum power level to be set at -30dBm and the carrier leakage be excluded from the EVM. 
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4. Annex

4.1.  System Simulation assumptions

The simulation assumptions are shown in Table 4-1 below. 

	Cell layout and link budget
	Deployment scenario:

· Hexagonal grid, 19 cell sites, 3 sectors per site (57 sectors)

· BS antenna gain: 14dB
· Site-to-site distance: 500 m

· UE power: 21 dBm

· UE antenna gain: 0dB

· Path loss: L=128.1 + 37.6log10®, R in kilometers
· Log-normal shadowing: 8.9 dB

· Shadow-correlation between co-located cells: 1.0

· Shadow-correlation between non co-located cells: 0.5

· Carrier frequency: 2 GHz

	NB receiver
	· Rx antennas: 2; balanced, uncorrelated

· LMMSE Equalizer


Table 4‑1  System simulation assumptions
4.2.  MCS Formats

The MCS formats used in the simulations are shown in Table 4-2 below. 

	Index
	Information Bits 2xSF2+2xSF4
	Single Transmission Rate (Mbps)
	Modulation Format

	0
	9020
	4.516
	16QAM

	1
	11036
	5.518
	16QAM

	2
	13262
	6.631
	16QAM

	3
	16424
	8.212
	16QAM

	4
	18040
	9.02
	16QAM

	5
	20040
	10.002
	16QAM


Table 4‑2   MCS Table
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